A simple and efficient synthesis of 2,4,5-trisubstituted imidazoles was achieved via a one-pot three-component cyclocondensation of benzil, aromatic aldehydes, and ammonium acetate in the presence of a catalytic amount of tetrabutylammonium hexatungstate [TBA] 2 [W 6 O 19 ] as a heterogeneous catalyst under thermal solvent-free conditions. The key features of this methodology are operational simplicity, high yields, short reaction times, and a recyclable catalyst with a very easy work up.
Introduction
Multicomponent reactions (MCRs) have drawn great interest enjoying an outstanding status in modern organic synthesis and medicinal chemistry because they are one-pot processes bringing together three or more components and show high atom economy and high selectivity. [1] [2] [3] [4] MCRs have great contribution in convergent synthesis of complex and important organic molecules from simple and readily available starting materials, and have emerged as powerful tools for drug discovery. 5, 6 The development of new MCRs and improvement of the known MCRs are an area of considerable current interest. One such reaction is the synthesis of imidazoles.
The imidazole ring system is one of the most important substructures found in a large number of natural products and pharmacologically active compounds, 7, 8 and plays important roles in biochemical processes. 9 Multisubstituted imidazoles, in particular, 2,4,5-trisubstituted imidazoles are biologically active and occur in structures of a number of antibacterial, 10 analgesic 11 and glucagon receptor antagonism.
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This core also has been utilized in diverse pharmaceutical applications such as anti-tumor, 13 antithrombotic, and vasodilatory 14 activities agents. Various substituted imidazoles also act as inhibitors of p38 MAP kinase 15 and B-Raf kinase. 16 In addition, recent advances in green chemistry and organometallic catalysis have extended the application of imidazoles as ionic liquids [17] [18] [19] and N-heterocyclic carbenes. 33 and ionic liquid 34 as catalyst, have also been reported. In addition, they can also be accessed by the reaction of aryl nitriles and α,α-dilithioarylnitromethanes, 35 or by multistep syntheses. 36 However, some of these methodologies encounter some limitations, such as use of homogeneous catalysts, long reaction times, harsh reaction conditions, and expensive catalysts. Moreover, the synthesis of these compounds is usually carried out in organic solvents such as EtOH, MeOH, AcOH, CH 3 CN and CH 2 Cl 2 , leading to complex isolation and recovery procedures. Thus, to avoid these limitations the discovery of new methodologies using new heterogeneous and reusable catalysts is still in demand.
In recent years, considerable interest has been devoted to finding new methodologies for the synthesis of organic compounds in solvent-free condition. 37, 38 The toxicity and volatile nature of many organic solvents have posed a serious threat to the environment. Thus, design of solvent-free catalytic reaction has received tremendous attention in recent times in the area of green synthesis.
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As part of our current studies on the development of practical and environmentally friendly procedures for the synthesis of organic compounds using reusable catalysts, 49 This fact prompted us to investigate the catalytic activity of this material in the synthesis of 2,4,5-trisubstituted imidazoles 4a-k under solvent-free conditions (Scheme 1).
Experimental
All chemicals were available commercially and used without additional purification. Melting points were recorded on a Stuart SMP3 melting point apparatus. The IR spectra were obtained using a (40 mL) , and N,N-dimethylformamide (DMF, 30 mL) was heated at 100 °C for 3 h to obtain a white cream. A solution of acetic anhydride (20 mL) and 12 mol/L HCl (18 mL) in DMF (50 mL) was then added in a drop-wise manner over a period of time with stirring, and the resulting mixture was filtered to remove the undissolved white solids. A solution of tetrabutylammonium bromide (15.1 g, 0.047 mol) in methanol (50 mL) was then added to the filtrate with rapid stirring to give a white precipitate, and the resulting suspension was stirred for 5 min and the product subsequently collected by filtration. Recrystallization from a minimum amount of hot dimethyl sulfoxide (DMSO) gave the product as colorless diamond-shaped crystals. . Upon completion, the reaction mixture was cooled to room temperature, hot ethanol was added and filtered to remove the catalyst. The filtrate was concentrated by half and allowed to stand at room temperature. The precipitated solid was collected by filtration, and recrystallized from ethanol to give compounds 4a-k in high yields.
Recycling and Reusing of the Catalyst. The catalyst recovered by filtration was washed with hot ethanol, and subsequently dried in vacuo at 60 °C for 1 h, and reused. The catalyst could be used at least three times with only a slight reduction in the catalytic activity.
Results and Discussion
To optimize the catalytic system, the reaction of benzil 1 (1 mmol), 4-chlorobenzaldehyde 2e (1 mmol), and ammonium acetate 3 (2 mmol) for the synthesis of compound 4e was used as a model reaction. In order to get the effective reaction conditions the reaction was optimized in terms of various parameters like effect of solvent, catalyst amount, and influence of temperature. To choose the most appropriate medium in this cyclocondensation reaction, the model reaction was examined under solvent-free conditions and using EtOH, DMF, CH 3 CN and CH 2 Cl 2 as solvents (Table  1) . Reaction under solvent-free conditions, an approach that is gaining popularity as it eliminates the use of volatile organic solvents in synthesis, afforded the highest yield of the product 4e (entry 10, 92%). Table 2 , aromatic aldehydes with substituents carrying either electrondonating or electron-withdrawing groups reacted successfully and gave the products in high yields. The kind of aromatic aldehyde has no significant effect on the formation of final product.
To further evaluate the overall utility of the current methodology, we compared our results with those of the other methods reported for the synthesis of 2,4,5-trisubstituted imidazoles. This comparison is shown in Table 3 . It is clear from the data that our method reduces the reaction times significantly and provides high yields of the products.
The investigated in the model reaction. After the reaction was complete, the catalyst was recovered as described in the experimental section and was then reused for a similar reaction. We found that the catalyst could be used at least three times with only a slight reduction in activity (92% yield for first use, 90% for second use, and 90% for third use). All the products were characterized by IR spectral data and comparision of their melting points with those of authentic samples. Also, the structures of some products were confirmed by 1 H NMR spectral data. The yields were calculated based on aromatic aldehyde and refer to the pure isolated product.
A mechanistic rationalization for this reaction is provided in Scheme 2. On the basis of our previous reports, [46] [47] [48] [49] 
Conclusion
In conclusion, we have developed a simple new catalytic method for the synthesis of 2,4,5-trisubstituted imidazoles via a one-pot three-component cyclocondensation of benzil, aromatic aldehydes, and ammonium acetate in the presence of a catalytic amount of tetrabutylammonium hexatungstate [TBA] 2 [W 6 O 19 ] as an efficient, reusable, and green heterogeneous catalyst under solvent-free conditions. Some attractive features of this protocol are good yields, simple procedure, short reaction times, easy work-up, high catalytic activity and recyclability and reusability of the catalyst. The catalyst can be used at least three times without substantial reduction in its catalytic activity. 
